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Abstract 
Web 2.0 is about revolutionary new ways of creating, collaborating, editing and sharing user-generated content on-line. In this 
paper we present the first attempt to use them at teaching “Linear Programming” in the “Degree of Mathematics” at the 
University of Murcia (Spain). According to its syllabus, the student must learn to model real-life problems as linear optimization 
problems, solve them using some software package and perform sensitivity analysis. To this aim, a set of problems/projects are 
offered to the students, to work on individually and in groups. To carry out the formulation of those problems, the use of a blog is 
proposed. The teacher starts the blog by assigning a project to each group of students and giving the problem statement. Then, the 
students discuss how to formulate it by posting their ideas in the blog. The teacher can supervise the solution process and give 
hints if necessary. Once the problem has been formulated and the teacher has given its approval, the students can proceed to its 
implementation in a modelling language. As the use of the modelling language is new for the students, a wiki is proposed to 
develop a FAQ: some students post questions/doubts in the wiki, and other students can give an answer to those questions, or 
correct/revise the existing answers. 
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
According to O’Reilly, the man who popularized the term Web 2.0 back in 2005 (see  O’Reilly, 2005a, 2007), 
“Web 2.0 is the network as platform, spanning all connected devices; Web 2.0 applications are those that make the 
most of the intrinsic advantages of that platform: delivering software as a continually-updated service that gets better 
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the more people use it, consuming and remixing data from multiple sources, including individual users, while 
providing their own data and services in a form that allows remixing by others, creating network effects through an 
“architecture of participation,” and going beyond the page metaphor of Web 1.0 to deliver rich user experiences (see 
O’Reilly (2005b))”.  A simpler definition could be web applications (there is no need to install any software in your 
device) which allow the surfers collaboration and content generation. Web 2.0 websites allow users to do more than 
just retrieve information. Instead of merely “reading”, a user is invited to “write” as well, or contribute to the content 
available to everyone in a user-friendly way. However, what is new about Web 2.0 is not the technology, but its new 
special application. There are hundreds of Web 2.0 applications available nowadays. They are focused on social 
networks (Facebook, g+, Edmodo,…), documents and content (Dropbox, Slideshare, Google drive…), blog 
platforms and communities (Blogger, WordPress,…), wikis (Wikipedia, MediaWiki,…), micromedia (Twitter, 
Bleeper,…), video (YouTube, Vimeo,…), pictures (Pinterest, Flickr,…), music (Jamendo, Spotify, iTunes,…), 
social bookmarks (Delicious, Diigo,…), SMS/voice instance messaging (Skype, msn, AIM,…), reviews and ratings 
(Tripadvisor, Ciao!,…), location based services (Google places, Foursquare,…), reputation (about.me, WebMii,…),  
life casting and lifestreams (Frienfeed, make.tv,…), and more (see the social media prism 5.0 by Solis and JESS3 
(2013) for a more complete list). Some of those Information and Communications Technologies (ICT) are now 
being applied in all   educational levels. Although some subjects are better suited for the application of those tools 
(design, foreign languages,…) its use is starting to be widespread. And the university studies and mathematics are 
not an exception. This paper explains how some of those tools can be applied when teaching “Linear Programming”, 
a compulsory subject in the “Degree in Mathematics” at the Faculty of Mathematics of the University of Murcia 
(Spain), a title of the Science branch with International Standard Classification of Education (ISCED) code 5A46 
(see UIS (2012)). Linear Programming is in fact a compulsory subject in the Degree in Mathematics of any Spanish 
university; it is also a basic subject in most of the degrees in Mathematics around the world. The number of ECTS 
credits allocated to it in the University of Murcia is 6. ECTS stands for European Credit Transfer and accumulation 
System; in the Degree of Mathematics one ECTS is equivalent to 25 hours of workload of the student, including not 
only the attendance to classes, but also work at home, exams, exercises… “Linear Programming” is taught in the 
third semester (first semester of the second year) and, like the rest of the subjects of the degree, it has 40% of 
attendance, i.e., 1 ECTS implies 10 hours in the classroom. According to its syllabus, the course is designed to 
expose students to the concepts of modelling and solving linear programming problems. The course emphasizes 
setting up optimization models from problem description and solving linear optimization problems using the 
simplex method.  The role of duality and sensitivity analysis for linear programming problems are examined.  The 
range of problems that can be modelled and solved as linear programming problems are illustrated in engineering 
and management with computer implementations. To achieve those aims, the course includes lectures where the 
theoretical concepts are explained, problem formulation and solving sessions, computer laboratory sessions, 
homework and computer exercises, two midterm exams during the semester (no theoretical questions asked) and a 
final exam at the end of the semester (including both theoretical questions and problems). In previous years, the 
applied part of the subject, related to the formulation and solution of the problems, has been done as follows. Some 
problems are formulated by the teacher in two problem formulation sessions (2/3 hours). Then, a sheet with small 
size problems is handed-out by the teacher, who assigns two problems to each student. Also, a few small formulated 
problems, involving up to 4/5 variables and up to 3/4 constraints are solved by the teacher applying the “simplex 
method” of Linear Programming or its variants in solving sessions. Some sheets of small size problems are also 
given to the students in advance, so that they can try to solve the problems before the solving sessions; and only the 
most challenging problems are solved in the classroom. A mathematical modelling language is also explained in 
computer laboratory sessions (10 hours), namely the Mosel language of Xpress (FICO, 2010). Other modelling 
languages such as AMPL (Fourer et al., 2003) or GAMS (Rosenthal, 2013) could also be used. The students have to 
solve the two problems assigned to them (already formulated and revised) using Xpress by implementing them in 
Mosel. Two short exams are also done during the semester, to check whether the students have acquired the 
expected skills. The two assigned problems (including both the formulation and the implementation in Mosel and 
the solution with Xpress) and the two midterm exams are part of the grading. Although the Learning Management 
System (LMS) Sakai is used (Sakai, 2013) during the course, only its Announcements (for posting current time-
critical information), Resources (for posting documents), Messages (mainly to answer questions asked by the 
students) and Gradebook (for computing and storing assessments grades) features are used.  Other collaborative 
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tools such as Chat room (for real-time conversations in written form), Drop Box (for private file sharing between 
instructor and student), Forums, Polls (for anonymous polls or voting), Videoconference (a tool that provides a 
videoconference service using Adobe Connect), Wiki (for collaborative editing of pages and content) or Blog (for 
writing a blog) are not used. In this paper we will describe how some of those collaborative tools can be used in the 
classroom to improve the learning process.  
2. Individual problems and group projects 
Although in the previous years the students have only worked individually, we think that some work in small 
groups will strengthen their skill at communicating ideas (a degree’s global competence). Looking for a balance 
between the number of problems/projects (both individual and in groups) and the workload required by the students 
to develop them, and taking also into account the workload of teachers (not to correct them, but to find suitable 
problems), we think that every student should prepare one individual problem and two group projects. Individual 
problems require less time to be done, can be written in Spanish and need not to be presented in the classroom. On 
the contrary, group projects are a bit more complex, demand more time, must be presented in the classroom and a 
written report has to be previously presented. Furthermore, in order to obtain the maximum mark (10 points), the 
report must be written in English. When written in Spanish, the maximum mark can be 9 points. If the project is 
presented in the classroom in English, then the student doing the presentation may get an extra point. Both initiatives 
try to foster the use of English, another degree’s global competence, and still a matter of concern for some students 
in Spain. As the number of students following the course has been around 45 in the last two years, we think that the 
groups could be composed of 3 to 5 students. The students are in charge of presenting to the teachers during the 
third week of the course a proposal with the students forming each group. If necessary, the students without a group 
are assigned to a group by the teachers. Every student says via e-mail to the teachers whether he/she accepts the 
group to which he/she belongs to. The teachers, after receiving all the e-mails, may redistribute the groups if 
necessary. Furthermore, in the middle of the semester, before assigning the second group project, every student says 
to the teachers, again via e-mail, whether he/she is willing to continue in the same group. The teachers, after 
receiving all the e-mails, may redistribute the groups if necessary. The day of the presentation of a project in the 
classroom (announced in advance to the students), the teachers decide who is (are) the student(s) who has (have) to 
do the presentation. Furthermore, the teachers (and also the students) may ask questions about the project to any of 
the members of the group (not only to the one who presents the project). In this way, it is guaranteed that all the 
members of the group have actively participated in the development of the project. The students have 12 minutes to 
make their presentations, followed by 3 minutes for questions. If the project is written in English, then the questions 
may be in English, too. It is up to the students to decide how to make their presentations, but they should be 
encouraged to use a projector and a laptop to show slides and the developed computer programs.  
3. Formulating the problems: using a blog 
To carry out the mathematical formulation of the problems of the group projects, the use of a blog is proposed. 
As the LMS Sakai offers the possibility of creating blogs, we prefer to use this feature instead of other tools such as 
Blogger (blogger.com) or WordPress (wordpress.com), because in this way the blog is only accessible to the 
students. The teacher starts the blog by publishing the list of students composing each group, assigning one project 
to each group and giving general instructions, in the main page of the blog. Any comment/question to those 
instructions by the students is to be posted in the main page too. Then, a new (secondary) page is created by the 
teacher for each of the projects. The first post in each of those pages is the problem statement. Then, each group of 
students discusses how to formulate the corresponding problem as a linear programming problem by posting the 
ideas in the blog. All the students can help at solving all the problems, not only the one assigned to his/her group. 
The teacher can supervise the solution process and give hints if necessary. Once the formulation is finished, the 
group has to post a message in the main page informing about it. The rest of the students can then access to the 
secondary page of that group to check the formulation, and ask questions or write comments/suggestions. The 
members of the group must answer to those posts. 
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Writing mathematical formulations may be a challenge, because of the symbols required to do it. LaTeX (latex-
project.org) has become the standard text editor for writing mathematical papers and books all over the world. In 
fact, at the beginning of the first semester of the Degree in Mathematics at the University of Murcia, the students 
learn the basic concepts and commands to write LaTeX documents, so that they can submit their written exercises 
using that word processor. As the students are familiar with LaTeX, it is desirable that it be used for blogging. 
Fortunately, this can be done thanks to MathJax (mathjax.org), an open source JavaScript display engine for 
mathematics that works in all browsers, which allows users to write formulas using LaTeX in any blog, wiki or web 
page. 
4. Implementing the problems in Mosel: using a wiki 
Once the problem has been formulated and the teacher has given its approval, students can proceed to its 
implementation in a modelling language. Students have some knowledge about programming languages. For 
instance, in the Faculty of Mathematics of the University of Murcia the students have the compulsory subject 
“Introduction to scientific software and programming” in the first semester, where, among other things, they learn 
the basic concepts of Java. They also have a second compulsory subject called “Object-oriented programming” in 
the second semester, where they learn more advanced topics related to Java. However, a “programming language” 
(as it is known in Computer Science) is not the same as a “modelling language for mathematical programming”. A 
modelling language allows you to use common notation and familiar concepts employed in mathematical 
formulations to implement optimization problems and examine solutions, while the computer manages 
communication with an appropriate solver.  So both the concept of modelling language and the tool used (Mosel) 
are new to the students. It is because of this novelty that we propose to use a wiki to develop a FAQ (Frequently 
Asked Questions) about the use of Mosel. Some students post questions/doubts in the wiki, and other students can 
give an answer to those questions, or correct/revise the existing answers. Since a modelling language usually has 
many features, and only some them are actually needed to implement the problems proposed, this FAQ will only 
contain the doubts that are really of interest for the students. This is in contrast with general FAQs or even with 
tutorials or user’s guides, where much more information is provided. On the other hand, the discussion inside each 
group about the best way to implement the corresponding problem should be done using the blog, as when 
formulating the problems. 
5. Grading 
Each project will receive a global assessment, GPA, which will take into account both the formulation (50%) and 
the implementation (50%). The individual project assessment for each of the members of a group, IPA, will be 
 
IPA= 0.6 GPA + 0.4 QPP 
 
where QPP stands for a measure of the quality of the posts by the student in both phases, the formulation (50%) and 
the implementation (50%) of the project’s problem .  
We think that it is important to weight both GPA and QPP with a similar value, since otherwise, some students 
may not be enough incentivized to actively participate in the group.  
The final student’s assessment, A, is obtained as 
 
A = 0.30 IPA + 0.15 HP + 0.05 PC + 0.20 MTE + 0.30 FE   
 
where: 
x HP stands for the mark obtained in the individual problem,  
x PC gives the active lecture / problem formulation and solving sessions / computer laboratory sessions 
participation,  
x MTE denotes the marks in the two midterm exams, and  
x FE is the mark in the final exam. 
This weighted sum takes all the methodological issues of the learning process into account. 
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6. Other applications 
The strategies described above are planned to be applied the next academic course. As the students (and the 
teachers) are not familiar with the use of those tools, we think that it is not advisable to introduce additional Web 2.0 
procedures the same year. However, in the future, additional applications should be investigated. In particular, the 
use of closed social networks, such as Edmodo (edmodo.com), where only invited members are allowed to 
participate, for looking in the Internet success stories and real applications of linear programming is a field that we 
believe to be worth investigating. As with the projects, students should be divided into groups, and each group 
should surfer the Internet in order to find a real problem solved via linear programming. The group should explain 
the problem (statement) and give the corresponding mathematical formulation. Each group should then comment the 
problem selected by the other groups, asking questions or making suggestions about new possible formulations or 
generalizations.  
The assessment of this activity could be done as follows:  
x Each group gives a mark GM to the other groups, taking into account both the originality of the problem 
(50%) and that of the formulation (50%); and  
x Each group gives a second mark QR to the other groups, corresponding to the quality of the answers given 
to the comments.  
The global assessment for the group will be obtained as  
 
GA = 0.55 GM + 0.25 QR + 0.20 TM    
 
where TM is a mark similar to GM, but given by the teacher. And the individual assessment for a student in a group, 
IA, will be computed as 
 
IA = 0.75 GA + 0.25 IM 
 
where IM measures of the quality of the participation of the student in the activity as perceived by the teacher, 
taking into account the posts from the student. 
Other Web 2.0 tools could also be used to improve the learning process, such as video tutorials within 
environments where the feedback can be done via video, audio or writing, such as Voicethread (voicethread.com), 
or the electronic portfolio with tools such as elgg (www.elgg.net). 
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